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Abstract
Introduction: The aim of this study was to investigate the associations between radiological findings, blood eosinophilia, hyper-
immunoglobulinemia E and G and Toxocara seropositivity in Polish children with newly diagnosed pulmonary infiltration.
Material and methods: We retrospectively analyzed the documentation of 119 patients, aged 1 to 18 years (mean age: 7.21 ± 
4.82), who were seropositive in regards to Toxocara sp. antibodies. In all cases, peripheral blood eosinophils and leukocyte counts, 
serum total IgE, IgG levels and specific IgG antibodies against excretory and secretory Toxocara sp. antigens were measured at 
the first presentation. After the confirmation of seropositivity, all children had a routine radiological examination.
Results: In the documentation of 23 children (mean age 3.58 ± 2.63 years) we found abnormalities in the radiological examina-
tion of their lungs. Fifteen children who had abnormalities in radiological findings presented clinical respiratory complaints such as 
chronic cough, wheezing, asthma and haemoptysis. Eight children were asymptomatic. The analysis of peripheral eosinophils and 
leukocyte number, the level of IgE and specific anti-Toxocara IgG presented significantly higher values in children with radiological 
lesions than in children who had correct radiology. The levels of total IgG and gamma globulins were not significantly different.
In 10 patients CT showed irregular round nodules with and without halo ranging from 1 to 13 mm. The number of nodules varied 
from a single lesion to multiple, disseminated ones. All nodules were located in peripheral areas of the lungs. None of them were 
found in the central areas. In 13 patients, CT images showed ground-glass opacities with ill-defined margins. None of the CT 
images presented lymphadenopathy and pleural effusion.
Conclusion: The pulmonary lesions in small children with high eosinophilia and hyperimmunoglobulinemia E could be related to 
toxocariasis and for this reason they are eligible to undergo therapy with prolonged observation for several months, rather than 
start invasive malignancy investigations.
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Introduction
Human toxocariasis is a helminthozoonosis 
resulting from infestation of humans by round-
worms Toxocara canis (T. canis) and cati (T. cati) [1]. 
The disease was first described in the 1950s and 
for many years was regarded as uncommon in chil-
dren. The current data indicates that toxocariasis is 
the most common worm infection in many coun-
tries, which suggests that its global importance may 
be greatly underestimated. Seroprevalence surveys 
in Western countries vary from 2 to 5 per cent of 
healthy adults in urban areas to 14 or 20 to 37 per 
cent in rural areas. In tropical countries the sero-
prevalence of Toxocara species (sp.) is higher (e.g. 
86% in India) [2]. Children are the major infected 
group. Some of their common behaviors, especially 
geophagia, poor personal hygiene, close contact 
with animals and the lack of parental supervision, 
increase the risk of infection [3]. 
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Human infection occurs through accidental 
ingestion of embryonated eggs of the parasite 
found in contaminated soil. The eggs hatch in the 
stomach and infective larvae migrate to a wide 
variety of tissues, causing a local inflammatory 
and allergic reaction in different organs (eyes, 
lungs, liver and brain) [4]. Although it is rare, 
people can also become infected from eating un-
dercooked meat containing Toxocara larvae [5].
Toxocariasis develops into five clinical forms: 
systemic (visceral larvae migrans syndrome — 
VLM), ocular (ocular larvae migrans syndrome 
— OLM), neurological (NLM — neurological 
larvae migrans syndrome), covert and asymp-
tomatic. VLM is connected with enlargement of 
the liver, spleen and peripheral lymph nodes, 
and lung involvement [3]. OLM is a localized eye 
infection that may cause severe inflammation and 
progressive ocular damage [6]. NLM symptoms 
range from minor neurological deficiencies to 
eosinophilic menigoencephalitis [7]. The covert 
form is connected with non-specific symptoms 
produced by the stimulation of a parasite antigen 
in the host’s immune system. The asymptomatic 
form occurs when eosinophilia and Toxocara sp. 
antibodies are accidentally detected in the patient 
without typical symptoms [3].
The clinical findings of lung involvement 
associated with Toxocara sp. infection is usually 
non-specific. There are only few case reports regard-
ing radiographic imaging of lung involvement in pul-
monary VLM. Lung involvement causes pulmonary 
infiltration, and the mechanism of the infiltration is 
described as the allergic reaction to the larvae [8].
The form of the infection depends on the in-
tensity of the infestation, the larvae localization, 
reinfestation, and the efficiency of the host’s im-
mune system and the age of the child [9]. 
The aim of this study was to investigate the 
associations between radiological findings, blood 
eosinophilia, hyperimmunoglobulinemia E and 
G and Toxocara seropositivity in Polish children 
with newly diagnosed pulmonary infiltration.
Material and methods
We retrospectively analyzed the documen-
tation of 119 patients hospitalized in the Depart-
ment of Infectious Diseases and Child Neurology 
in Poznan. Data were selected from patients hos-
pitalized with Toxocara sp. infection from August 
2009 to December 2013. The children were 1 to 
18 years old (with a mean of 7.21 ± 4.82). 
The subjects comprised 67 boys and 52 girls 
(Table 1).
The retrospective analytical study was creat-
ed using history, physical examination data and 
interpretation of laboratory results. 
In all cases, peripheral blood eosinophils 
and leukocyte counts, serum total IgE, IgG levels 
and specific IgG antibodies against excretory and 
secretory Toxocara sp. antigens were measured 
at the first presentation. After the confirmation 
of seropositivity, all children had a routine ra-
diological examination. Those children whose 
radiological imaging presented any lesions in 
the lungs underwent a CT scan of the chest as an 
additional examination.
Medical history
Detailed questionnaires were completed by 
the doctor based on the medical history of the 
children from the perinatal period, exposure to 
infections, risk factors for Toxocara infection, the 
severity and nature of the symptoms, medications 
used, environmental factors and family history. 
Laboratory measurements
For hematological and immunological tests, 
blood was collected in BD Vacutainer Collection 
Set with and without EDTA. The analysis was done 
using the Sysmex XT2000i automated haematology 
system, utilizing the power of fluorescent flow cy-
tometry and hydrodynamic focusing technologies. 
The haemogram included leucocyte count 
and leukocyte differential formula. Eosinophilia 
was defined as an absolute eosinophil count of 
more than 600 cells/µl.
Table 1.  Characteristics parameters of children with pul-
monary lesions and asymptomatic ones in the 
course of Toxocara sp. infection 
Groups T+/ P− T+/P+ p 
n 96 23
Boys 51 16
Girls 45 7
Age 8.08 ± 
4.83
3.58 ± 
2.63
< 0.0001
Toxocara positive children with pulmonary lesions 
(n=23)
Chronic cough 10
Wheezing 7
Dyspnoe 2
Haemoptysis 1
Asymptomatic 8
T+/P- — Toxcocara seropositive, without radiological findings 
T+/P+ — Toxocara seropositive, with radiological findings
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Total immunoglobulin E class concentration 
was estimated using an immunoenzymatic method 
(Fluoroenzyme Analyzer Unikap 100 — Phadia). 
Normal levels for different age groups were pro-
vided by the producer. There were: 40 µg/mL for 
0–3 year-old patients; 60 µg/mL for children aged 
4–6 years; 70 µg/mL for 7–15 years; and 63.6 µg/mL 
for 16–18-year-olds.
The level of G class immunoglobulin was 
measured using the immunonephelometric tech-
nique. Based on information provided by the 
producer, the upper limits for each age group 
were: 1360 mg/dL for children aged 0 to 3 years; 
1410 mg/dL for children aged 4–6; 1510 mg/dL 
for 7–15; and 1610 mg/dL for 16–18. 
Anti-Toxocara IgG antibodies were detected 
by a commercial enzyme-linked immunosorbent 
assay (NovaLisa Toxocara canis IgG/NovaTec 
Immunodiagnostica) using an excretory/secretory 
(E/S) antigen derived from second-stage larvae. 
The minimum value regarded as a positive was 
11 IU/mL. All patients had been differentially di-
agnosed for parasites that are typical in the Polish 
climate: Ascaris lumbricoides, Toxoplasma gondi 
and Trichinella spiralis. Tests for Dirophilaria and 
Strongyloides had not been performed, because 
such nematodes are not seen in our country [8]. 
Radiology
All children positive for Toxocara antibodies 
children (symptomatic and asymptomatic) had 
been examined using classical chest radiography. 
All children who had presented abnormalities 
in their chest radiography had performed the 
conventional computer tomography (CT). CT was 
performed using a 128-layer Somatom Definition 
AS apparatus (Siemens). These CT images were 
obtained from lung apices to lung bases. The 
intravenous contrast in the dosage of 1 ml/kg of 
body weight was given with a flow rate of 1 ml/
sec. The investigations in the pulmonary and 
mediastinal windows were reviewed by two inde-
pendent radiologists. Both of were informed about 
patients’ clinical status, not about the diagnosis.
CT investigation was focused on the loca-
tion, size and type of pulmonary lesions, pleural 
effusion and mediastinal lymphadenopathy. The 
internal features were classified into ground-
glass opacities (GGO), nodules with halos and 
consolidations with calcifications. Ground-glass 
opacities were defined as hazy areas of increased 
attenuation of the lung with the underlying lung 
vessels not obscured. A nodule was defined as 
rounded or irregular opacity, well or poorly de-
fined, measuring up to 3 cm in diameter. Nodular 
attenuation surrounded by a halo of GGO was 
called a nodule with a GGO halo. Pleural effusion 
was classified as present or absent. A mediastinal 
or hilar lymph node > 10 mm in the short-axis 
diameter was regarded as a significantly enlarged 
node. A consolidation was defined as an area of 
increased attenuation with the underlying lung 
vessels obscured.
This study was a retrospective analysis and 
all procedures were elements of routine diag-
nostic procedure in children with toxocariasis. 
This study was approved by Local Human Inves-
tigation Review Board and Ethics Committee of 
the Department of Infectious Diseases and Child 
Neurology in Poznan. All the procedures were 
documented in our patient record files.
Statistical analysis
GraphPad Prism version 5.01 for Windows, 
GraphPad Software Inc., was used for statistical 
evaluation.
Data are expressed as means ± standard 
error of the mean. Blood cell counts, total IgE, 
IgG, serum levels of specific IgG antibodies and 
the gamma globulin level were calculated using 
the Mann-Whitney test between groups at the 
beginning of the study. A P-value < 0.05 was 
considered statistically significant.
Results
The medical documentation of 119 children 
was analyzed. All children were positive for 
Toxocara sp. antibodies. 
In the documentation of 23 patients (T+/
P+) we found abnormalities in the radiological 
examination of their lungs. There were 16 boys 
and 7 girls. The mean age was 3.58 ± 2.63 years. 
Their history and laboratory results were com-
pared with the results of the rest of the seroposi-
tive patients (T+/P-) (Table 1). Only 15 children, 
who had abnormalities in radiological findings, 
presented clinical respiratory complaints such as 
a chronic cough, wheezing, asthma or haemopty-
sis. A cough (67%, 10/15) was the most common 
symptom among the patients. Other symptoms 
included chronic wheezing (47%, 7/15), dyspnoea 
(13%, 2/15), haemoptysis (7%, 1/15) and general 
weakness (7%, 1/15) (Table 1). Eight children 
were asymptomatic and their radiological ab-
normalities were the effect of routine control. 
The analysis of peripheral eosinophils and leu-
kocyte number, and the level of IgE and specific 
anti-Toxocara IgG presented significantly higher 
values in (T+/P+) children than in (T+/P−) 
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Figure 1. Laboratory parameters of children with pulmonary lesions and asymptomatic ones in the course of Toxocara sp. Infection 
T+/P- — Toxcocara seropositive, without radiological findings; T+/P+ — Toxocara seropositive, with radiological findings
group. The concentrations of total IgG and gamma 
globulins were not significantly different (Fig. 1). 
The chest radiography showed defined le-
sions, which were confirmed in the CT scan. In 
10 patients, CT showed irregular round nodules 
with and without halo ranging from 1 to 13 mm. 
The number of nodules varied from a single lesion 
to multiple, disseminated ones. All nodules were 
located in peripheral (subpleural) areas of the 
lungs. None of them were found in the central 
areas (Fig. 2). CT (mediastinal window) did not 
present lymphadenopathy and pleural effusion. 
In 13 children, CT imaging showed ground-glass 
opacities (GGO) with ill-defined margins. There 
were located bilaterally in the lower lobes of the 
lungs (Fig. 3). Central lymphadenopathy and 
pleural effusion were not found. 
All (T+/P+) patients were treated with al-
bendazole at a daily dose of 10 mg/kg of body 
weight in a 5-day administration. Six month 
after therapy the children had the radiological 
examination repeated. The patients present-
ed two models of recovery. The children with 
well defines lesions in their first examination, 
developed pulmonary calcifications located in 
peripheral (subpleural) areas of the lungs. The 
pulmonary nodules calcification suggested the 
granulomas formation, in the response to healed 
infection (Fig. 4). The children, who had GGO in 
Figure 2. Irregular, well-defined nodules and round, interstitial consoli-
dation mainly located in subpleural parts of both lungs. Chest CT with 
contrast — pulmonary window
their first CT, did not present any abnormalities 
in the second imagination. 
Discussion
In 1952, Beaver identified the T. canis larva 
in the liver and produced the term “visceral lar-
va migrans syndrome” to describe the clinical 
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Figure 3. Non-marginated areas of ground-glass opacities (black mar-
ker) in basal lobes of both lungs. Chest CT without contrast — pul-
monary window
Figure 4. Calcified pulmonary nodules as the effect of treatment with 
albendazole. Chest CT without contrast — pulmonary window
larva migrans, OLM or NLM. The clinical pre-
sentation of covert toxocariasis varies widely, 
with pulmonary involvement, such as asthma, 
acute bronchitis and pneumonia, with or without 
Löffler’s syndrome. The presence of asthma or 
a wheezing breath in patients with toxocariasis 
was confirmed by many authors [10, 11]. The 
frequency of both symptoms varies from 9% to 
more than 30% of adult patients [12]. Haemop-
tysis as the symptom of pulmonary toxocariasis 
was not described in children; however, a few 
descriptions were found for adults [13]. 
The ELISA test is the most often used for diag-
nosing toxocariasis and for epidemiologic studies, 
as the disease is difficult to detect by applying di-
rect diagnostic methods. The method is reported 
to have a high sensitivity and specificity with very 
low levels of cross-reactivity when the excretory 
and secretory antigens of the second-stage T. canis 
larvae are used [14]. Regarding the variability of 
symptoms in the “covert” form, it is very import-
ant to perform radiological imaging to confirm 
the presence of T. canis larvae. According to our 
study, the routine radiological examination per-
formed in children with seropositive Toxocara 
demonstrated that pulmonary abnormalities are 
more common than in the clinical presentation. 
In our study, all seropositive children underwent 
X-ray screening. Lesions were presented by 32% of 
patients in radiological imaging. The comparison 
between groups confirmed that pulmonary lesions 
are more typical for young children (Table 1). We 
didn’t find any information about the frequency 
of pathological lesions in children in available 
literature. Located subpleurally, characteristic 
pulmonary lesions measure approximately 1 cm 
in diameter. They are rather round, comprising 
a central, tiny, dot-like lesion and a surrounding 
halo of ground-glass opacity. They should be dif-
ferentiated with metastases [15]. With the devel-
opment of infestation, bilateral, patchy airspace/
alveolar areas of increased opacity and segmental 
or even lobar areas of opacification may develop. 
Serial radiographs may show migration of areas 
of increased opacity. Such findings are associat-
ed with several pulmonary processes. Regarding 
inflammatory diseases, a pulmonary nodule 
with a halo is occasionally seen in patients with 
eosinophilic lung diseases such as simple pulmo-
nary eosinophilia, idiopathic hypereosinophilic 
syndrome and parasitic infections [16]. Kim et al. 
reported that a halo of ground-glass attenuation 
resulted histopathologically from pulmonary in-
filtrations by eosinophils and other inflammatory 
cells; however, they did not mention the loca-
manifestations of larval migration in the human 
body. The syndrome was characterized by leuco-
cytosis, eosinophilia, hepatomegaly, respiratory 
symptoms and pulmonary infiltration in young 
patients with geophagia [9].
Currently toxocariasis is considered a zoono-
sis of a wide geographic distribution occurring in 
developed and undeveloped countries. In Poland, 
the number of newly diagnosed infections is also 
increasing successively.
The pulmonary manifestation of toxoca-
riasis is called “covert”. It is characterized by 
non-specific symptoms that are not associated 
with the categories of classical VLM, incomplete 
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tions of eosinophilic infiltrations in detail [17]. 
Moreover, a halo of ground-glass attenuation 
corresponded to infiltration by inflammatory 
cells, including eosinophils, into the alveolar 
septa [18]. In our study, the comparative data 
was taken from the adult group of patients. The 
analysis conducted presented a close correlation 
between the age of patients and the frequency of 
appearance of changes in the lungs. The younger 
patients were more likely to develop the pulmo-
nary lesion. When pulmonary infiltrates are found 
on the chest images of a child, it is fundamental 
and mandatory to distinguish malignant from 
benign lesions. Pulmonary infiltrates such as 
GGO, nodules, consolidation or mixed lesions 
can be found in bacterial or parasitic infectious 
diseases as well as malignancy. In some cases, 
malignant lesions mimic infectious processes in 
imaging studies [19]. Clinicians should decide 
when to start an invasive investigation of infil-
trates seen on chest images. This should be based 
on a patient’s symptoms, laboratory findings, 
characteristics and changes in pulmonary lesions 
over time. Based on our observation, pulmonary 
lesions in young children with eosinophilia and 
hyperimmunoglobulinemia E could be related 
to toxocariasis, and for this reason they rather 
require follow-up, than immediate invasive di-
agnostic work-out.
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